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FIGURE 1: Representation of Tamoxifen Metabolism 
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Figure 2: Mean i SD Plasma Concentration of 4-hydroxy tamoxifen in 
Healthy Women Following Last Cutaneous Administration (Day 25 of the 
Second Cycle) 
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Figure 3: 4 OHT tissue concentration according to administration way and 
doses. 

The top and bottom of each box represent the 75th and 25th percentiles, 
respectively. The horizontal line within the boxes represents the 50th percentile 
(median) and the end of each “whisker” the 10th and 90th percentiles. 
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B : 4-OHT plasma levels (pg/ml) 
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PERCUTANEOUS COMPOSITION 
COMPRISING 4-HYDROXY TAMOXIFEN 

BACKGROUND OF THE INVENTION 

The present invention relates to the treatment and preven 
tion of breast cancer with 4-hydroxy tamoxifen (4-OHT). 

Breast cancer constitutes a signi?cant health problem for 
women in the United States and throughout the world. 
Despite advances in detection and treatment of the disease, 
breast cancer remains the second leading cause of cancer 
related deaths in women, affecting more than 1 80,000 women 
in the United States alone each year. For women in North 
America, the life-time odds of getting breast cancer are one in 
eight. 
No universally successful method for preventing or treat 

ing breast cancer currently exists. Management of the disease 
relies on a combination of early diagnosis (through routine 
breast screening procedures) and aggressive treatment, which 
may include one or more of a variety of treatments such as 

surgery, radiotherapy, chemotherapy and hormone therapy. 
These therapies are dangerous, toxic, costly, and often inef 
fective, especially in the treatment of metastatic disease. 

The most commonly prescribed hormonal medication for 
breast cancer is tamoxifen. It works by blocking the effects of 
estrogen, which promotes the growth of breast cancer cells. 
As a treatment for breast cancer, tamoxifen slows or stops the 
growth of cancer cells that are already present in the body, and 
helps prevent recurrences and the development of new can 
cers. Taking tamoxifen for 5 years reduces the risk of recur 
rence by about half in patients with estrogen receptor positive 
cancers. Tamoxifen also decreases the incidence of breast 
cancer involving the opposite breast (contralateral) in both 
premenopausal and postmenopausal women. Moreover, 
tamoxifen has recently been found to reduce the incidence of 
breast cancer in women at high risk of developing this dis 
ease. 

In spite of its bene?ts, tamoxifen has signi?cant draw 
backs. Its action potentially impacts on every estrogen recep 
tor bearing cell in the body, and, as both an agonist and 
antagonist, tamoxifen provokes a wide range of systemic 
effects. These effects increase the risk of endometrial cancer, 
endometrial hyperplasia and polyps, deep vein thrombosis 
and pulmonary embolism, changes in liver enzyme levels, 
and ocular toxicities, including cataracts. Additionally, 
patients treated with oral tamoxifen reported having hot 
?ashes, vaginal discharge, depression, amenorrhea, and nau 
sea (Ibis, 2002; Fentiman 1986, 1988, 1989). 
Due to tamoxifen’s drawbacks, some cancer researchers 

have proposed using 4-hydroxy tamoxifen, a metabolite of 
tamoxifen, for breast cancer. In in vitro studies, 4-hydroxy 
tamoxifen inhibits the growth of both normal and cancerous 
breast cells (Nomura, 1985; Malet, 1988, 2002; Charlier, 
1995). Additionally, transdermally delivered 4-hydroxy 
tamoxifen exhibits an anti-tumor effect on human breast 
tumors grown subcutaneously in mice (U .S. Pat. No. 5,904, 
930). 

Limited experiments in humans have shown that percuta 
neously administered 4-hydroxy tamoxifen can concentrate 
in local breast tumors, with very little systemic distribution 
(Mauvais-Jarvis, 1986). However, the most extended 
reported study of this sort, in which patients were treated for 
three weeks, showed that breast tissue concentrations of 4-hy 
droxy tamoxifen administered percutaneously remained 
lower than those observed after oral tamoxifen treatment 
(Pujol, 1995). Accordingly, the researchers concluded that 
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2 
they could not propose percutaneous 4-hydroxy tamoxifen as 
an alternative tamoxifen treatment. 

Importantly, none of the reported studies regarding 4-hy 
droxy tamoxifen in humans has evaluated an anti-tumor 
effect. This failure leaves wide open the most important ques 
tioniwhether percutaneously administered 4-hydroxy 
tamoxifen actually exerts any effect on breast cancer in 
humans. Therefore, a strong need still exists for breast cancer 
treatments and prophylactics that provoke few systemic side 
effects. 

SUMMARY OF THE INVENTION 

The present invention includes a method of treating breast 
cancer by administering 4-hydroxy tamoxifen. This treat 
ment approach, preferably implemented topically, effectively 
reduces tumor tissue proliferation and results in lower plasma 
drug levels than oral tamoxifen. 
The present invention also includes a method of preventing 

breast cancer by administering 4-hydroxy tamoxifen. As with 
the treatment approach, the prophylactic approach also is 
preferably implemented topically. 

For purposes of prophylaxis or treatment, 4-hydroxy 
tamoxifen may be administered by any means that delivers it 
to estrogen receptor-bearing cells in vivo. As noted, it is 
preferable that the administration be done percutaneously 
(topically), to avoid the ?rst-pass effect and related liver 
metabolism of the 4-hydroxy tamoxifen. For percutaneous 
administration, 4-hydroxy tamoxifen may be applied to any 
skin surface. Application to the breasts is advantageous 
because 4-hydroxy tamoxifen tends to concentrate in local 
subcutaneous tissues with estrogen receptors when adminis 
tered percutaneously. 
A broad range of topical formulations are suitable for per 

forming the invention, but hydroalcoholic solutions and 
hydroalcoholic gels are preferred. The concentration of 4-hy 
droxy tamoxifen in these formulations may vary, but a dose 
should result in local 4-hydroxy tamoxifen tissue concentra 
tions that effectively oppose estrogenic driven effects. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates the metabolism of tamoxifen. 
FIG. 2 illustrates the mean plasma concentration of 4-hy 

droxy tamoxifen in healthy women following cutaneous 
administration. 

FIG. 3 illustrates the concentration of 4-hydroxy tamox 
ifen in tissues, according to mode of administration and dos 
age. PanelA shows the concentration of 4-hydroxy tamoxifen 
in tumor tissues. Panel B shows the concentration of 4-hy 
droxy tamoxifen in plasma. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An important aspect of the present invention is the surpris 
ing discovery that 4-hydroxy tamoxifen, when administered 
percutaneously, is effective not only in treating but also in 
preventing breast cancer. Moreover, percutaneously admin 
istered 4-hydroxy tamoxifen results in lower plasma levels of 
the drug than the standard dose of oral tamoxifen, which 
translates to fewer adverse side effects. Accordingly, percu 
taneous 4-hydroxy tamoxifen is an alternative to tamoxifen 
for both treatment and prophylaxis in this context. 
The inventors have performed the ?rst study to demon 

strate that 4-hydroxy tamoxifen reduces breast tumor prolif 
eration in vivo in humans (see Example 4, below). In brief, 
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they administered 4-hydroxy tamoxifen gel percutaneously 
to human patients diagnosed with estrogen receptor positive 
breast cancer. After only 2-3 weeks of administration, the 
inventors observed dose-related reductions in tumor tissue 
proliferation indexes, with the highest dose (2.0 mg/day) 
showing approximate equivalence to a standard dose of oral 
tamoxifen. The tumor tissue proliferation indexes evaluated 
were Ki67 (Gerdes 1984; Schluter 1993) and Proliferating 
Cell Nuclear Antigen (PCNA) (Waseem, 1990). Although 
percutaneous 4-hydroxy tamoxifen gel and oral tamoxifen 
were equivalent in reducing tumor tissue proliferation, 4-hy 
droxy tamoxifen plasma levels were consistently lower in 
patients receiving 4-hydroxy tamoxifen gel. 

The compound 4-hydroxy tamoxifen, or 1-[4-(2-N-dim 
ethylaminoethoxy)phenyl] - 1 -(4 -hydroxyphenyl) -2 -phenyl 
but-1-ene, constitutes an active metabolite of the well char 
acterized anti-estrogen compound, tamoxifen. Due to the 
presence of a double bond between two carbon atoms, 4-hy 
droxy tamoxifen exists in two stereoisomeric forms. Accord 
ing to the medical and biochemical literature, isomeric forms 
of 4-hydroxy tamoxifen are commonly designated as cis and 
trans isomers. From a purely chemical perspective, however, 
this designation is not strictly accurate because each double 
bonded carbon atom does not contain an identical chemical 

group. Therefore, it is more appropriate to refer to the isomers 
as E (the so-called cis form) and Z (the so-called trans form) 
con?gurations. Both the E and Z isomers of 4-hydroxy 
tamoxifen, either alone or in combination, are useful accord 
ing to the present invention. The Z isomer is preferred, how 
ever, because it is more active than the E isomer. 

4-Hydroxy tamoxifen acts as a selective estrogen receptor 
modulator (SERM) that exhibits tissue-speci?city for estro 
gen receptive tissues. In breast tissue, it functions as an estro 
gen antagonist. Studies have shown that 4-hydroxy tamoxifen 
can regulate the transcriptional activity of estrogen-related 
receptors, which may contribute to its tissue-speci?c activity. 
In vitro, 4-hydroxy tamoxifen exhibits more potency than 
tamoxifen, as measured by binding af?nity to estrogen recep 
tors, or ERs, and a binding af?nity similar to estradiol for 
estrogen receptors (Robertson et al., 1982; Kuiper et al., 
1997). Z-4-hydroxy tamoxifen inhibits the growth in culture 
of normal human epithelial breast cells 100 fold more than 
Z-tamoxifen (Malet et al., 1988). 

Although 4-hydroxy tamoxifen is a tamoxifen metabolite, 
its usefulness for breast cancer is not presaged by previous 
experience with tamoxifen itself. Tamoxifen is extensively 
metabolized in humans, as shown in FIG. 1. Thus, its action in 
vivo is the net result of individual actions by the parent com 
pound and its metabolite compounds competing for the occu 
pation of receptors within target tissues. For example, see 
Jordan, 1982. Each of these compounds manifests different 
and unpredictable biological activities in different cells, 
determined in part by each compound’s individual effect on 
estrogen receptor conformation. That is, estrogen receptor 
binding of each compound generates a unique receptor 
ligand conformation that recruits different cofactors, and 
results in varying pharmacologies for the different com 
pounds (Wijayaratne et al., 1999; Giambiagi et al., 1988). 

Several examples of these varying effects have been docu 
mented. For instance, tamoxifen but not 4-hydroxy tamoxifen 
is a potent rat liver carcinogen. (Carthew et al., 2001; Sauvez 
et al., 1999). Additionally, tamoxifen but not 4-hydroxy 
tamoxifen reportedly initiates apoptosis in p53(—) normal 
human mammary epithelial cells (Dietze et al., 2001). By 
contrast, 4-hydroxy tamoxifen exhibits a signi?cant inhibi 
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4 
tory effect on estrone sulphatase activity in mammary cancer 
cell lines, while tamoxifen has little or no effect in this regard 
(Chetrite et al., 1993). 

Previous studies with 4-hydroxy tamoxifen also did not 
predict its effectiveness for breast cancer treatment and pre 
vention. The ability of any drug to inhibit tumor cell growth in 
vitro or in a xenograft assay is a crude indicator of how the 
drug might act in humans (Gura, 1997). Cell culture, an 
arti?cial environment, provides no information regarding 
how a drug acts in a complete biological system, and animals 
often do not process drugs the same way as humans. More 
over, previous human studies with 4-hydroxy tamoxifen only 
evaluated drug delivery, and provided no information regard 
ing the drug’s effect on breast tumors. By contrast, experi 
ments performed by the present inventors have surprisingly 
shown that 4-hydroxy tamoxifen, administered percutane 
ously, causes dose-related reductions in tumor tissue prolif 
eration indexes. 

Methods for preparing 4-hydroxy tamoxifen are well 
known. For example, US. Pat. No. 4,919,937 describes a 
synthesis, derived from Robertson and Katzenellenbogen, 
1982, that occurs in stages: 

Stage liReaction between 4-([3-dimethylaminoethoxy) 
(x-ethyldeoxybenzoin and p-(2-tetrahydropyranyloxy) 
phenylmagnesium bromide; 

Stage 2iSeparately from stage 1, formation of 1-(4-hy 
droxyphenyl) -2 -phenyl-1 -butanone by hydroxylation of 
1 ,2-diphenyl- 1 -butanone; 

Stage 3iReaction between the products of stages 1 and 2 
to form 1-(4-dimethylaminoethoxyphenyl)-1-[p-2-tet 
rahydropyranyloxy)phenyl] -2 -phenylbutan-1 -ol; 

Stage 4iDehydration with methanol/hydrochloric acid 
produces 1- [p-([3-dimethylaminoethoxy)phenyl] -Z-1 - 
(p-hydroxyphenyl)-2-pheny-1-but-1 -ene:4-OH 
tamoxifen, a mixture of E and Z isomers; 

Stage SiSeparation of the E and Z isomers by chroma 
tography and crystallization to constant speci?c activity. 

According to the present invention, 4-hydroxy tamoxifen 
may be administered to a patient diagnosed with breast can 
cer. The cancer preferably will be estrogen receptor positive, 
as it is believed that 4-hydroxy tamoxifen primarily exerts its 
effect by acting on estrogen receptors. Additionally, it is 
preferred that the breast cancer be localized to the breast. For 
example, a primary breast tumor and/or a metastatic tumor 
solely located in the breast may be treated by topical admin 
istration. Breast cancer tumors at other locations that are 
accessible to topically administered 4-hydroxy tamoxifen 
also may be treated in this manner, however. 
The present invention also contemplates administration of 

4-hydroxy tamoxifen prophylactically, to a patient at 
increased risk for developing breast cancer. Many risk factors 
for breast cancer are well established. For instance, family 
history of breast cancer, personal history of breast cancer, 
previous breast biopsy detection of proliferative breast dis 
ease such as atypical hyperplasia, and previous breast irradia 
tion all place a patient at an elevated risk for developing breast 
cancer. Particular genetic risk factors include BRCA1, 
BRCA2, ATM, CHEK-2 and p53 mutations. Certain lif 
estyle-related risk factors for women include delayed child 
birth until after age 30, long-term use of oral contraceptives, 
and long-term use of hormone replacement therapy. A skilled 
medical practitioner can evaluate these and other risk factors 
to determine whether a patient will bene?t from prophylactic 
use of 4-hydroxy tamoxifen. In making such an assessment, a 
practitioner may employ the Gail model. 

4-Hydroxy tamoxifen is particularly useful for preventing 
breast cancer in pre-menopausal women. In this population, 
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an anti-estrogen must compete with high amounts of circu 
lating estrogen to occupy estrogen receptors. Because 4-hy 
droxy tamoxifen has 100 fold more al?nity for estrogen 
receptors than tamoxifen, it is better able to compete for the 
receptors at low doses. The ability to use a low dose holds 
particular importance in a prophylactic context, where a 
patient’s exposure to the drug is long-term and side effects are 
less tolerable. 

Pursuant to the present invention, 4-hydroxy tamoxifen 
may be administered in any dosage form and via any system 
that delivers the active compound to breast and/or tumor 
estrogen receptors in vivo. Preferably, the 4-hydroxy tamox 
ifen is delivered by “percutaneous administration,” a phrase 
that denotes any mode of delivering a drug from the surface of 
a patient’ s skin, through the stratum comeum, epidermis, and 
dermis layers, and into the microcirculation. This is typically 
accomplished by diffusion down a concentration gradient. 
The diffusion may occur via intracellular penetration 
(through the cells), intercellular penetration (between the 
cells), transappendageal penetration (through the hair fol 
licles, sweat, and sebaceous glands), or any combination of 
these. 

Percutaneous administration of 4-hydroxy tamoxifen 
offers several advantages. First, it avoids the hepatic metabo 
lism that occurs subsequent to oral administration (Mauvais 
Jarvis et al., 1986). Second, percutaneous administration sig 
ni?cantly reduces systemic drug exposure, and the attendant 
risks from non-speci?cally activating estrogen receptors 
throughout the body; this, because topical 4-hydroxy tamox 
ifen is absorbed primarily into local tissues. In particular, 
when 4-hydroxy tamoxifen is percutaneously applied to 
breasts, high concentrations accumulate in the breast tissue, 
presumably due to many estrogen receptors therein, without 
creating a high plasma concentration (Mauvais-Jarvis et al., 
supra). Pursuant to the present invention, therefore, 4-hy 
droxy tamoxifen may be applied to any skin surface, but 
preferably to one or both breasts. 

Although the invention is not constrained to any particular 
theory, clinically signi?cant side effects of anti-estrogen 
agents occur when the agents displace estradiol in non-target 
tissues. Because 4-hydroxy tamoxifen and estradiol have 
similar binding al?nities for estrogen receptors, a competi 
tion between them for receptor binding would be approxi 
mately equal when the concentration of each compound 
approximates that of the other. If the 4-hydroxy tamoxifen 
concentration exceeds the estradiol concentration, the former 
will be bound preferentially to the estrogen receptors, and 
vice versa. 

Accordingly, doses of 4-hydroxy tamoxifen that result in 
plasma concentrations less than about 80 pg/mL, or the mean 
estradiol concentration in normal premenopausal women, are 
preferred. More preferably, doses of 4-hydroxy tamoxifen 
will result inplasma concentrations less than about 50 pg/mL. 
The daily doses to be administered can initially be estimated 
based upon the absorption coef?cients of 4-hydroxy tamox 
ifen, the breast tissue concentration that is desired, and the 
plasma concentration that should not be exceeded. Of course, 
the initial dose may be optimized in each patient, depending 
on individual responses. 
As noted above, by targeting 4-hydroxy tamoxifen to 

breast tissue, high concentrations can be achieved in that 
tissue without simultaneously raising 4-hydroxy tamoxifen 
plasma levels to a point where signi?cant systemic competi 
tion for estradiol receptors occurs. At a percutaneous dose of 
1 mg/breast/ day, 4-hydroxy tamoxifen concentration in 
breast tissue exceeds normal estradiol concentrations in 
breast tissue by a factor of 4. (Barrat et al., 1990; Pujol et al., 
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6 
supra). Moreover, 4-hydroxy tamoxifen applied in this man 
ner reaches concentrations in breast tissue that are an order of 
magnitude higher than concentrations in plasma, i.e., 10:1. 
By contrast, the breast tissue to plasma ratio of 4-hydroxy 
tamoxifen following oral administration of tamoxifen is 
about 5:1. 

In a percutaneous formulation, doses on the order of 0.25 
2.0 mg/breast/ day of 4-hydroxy tamoxifen should achieve the 
desired result, with doses of about 0.5-1.0 mg/breast/day 
being preferred. In particular embodiments, the dosage is 
about 0.5, 0.75 or 1.0 mg/breast/day of 4-hydroxy tamoxifen. 

Percutaneous administration can be accomplished mainly 
in two different ways: (i) by mixing a therapeutically active 
compound or its non-toxic pharmaceutically acceptable salt 
with suitable pharmaceutical carriers and, optionally, pen 
etration enhancers to form ointments, emulsions, lotions, 
solutions, creams, gels or the like, where an amount of said 
preparation is applied onto a certain area of the skin, or (ii) by 
incorporating the therapeutically active substance into 
patches or transdermal delivery systems according to known 
technology. 
The effectiveness of percutaneous drug administration 

depends on many factors, including drug concentration, sur 
face area of application, time and duration of application, skin 
hydration, physicochemical properties of the drug, and par 
titioning of the drug between the formulation and the skin. 
Drug formulations intended for percutaneous use take advan 
tage of these factors to achieve optimal delivery. Such formu 
lations often comprise penetration enhancers that improve 
percutaneous absorption by reducing the resistance of the 
stratum comeum by reversibly altering its physiochemical 
properties, changing hydration in the stratum corneum, acting 
as co-solvent, or changing the organization of lipids and 
proteins in the intercellular spaces. Such enhancers of percu 
taneous absorption include surfactants, DMSO, alcohol, 
acetone, propyleneglycol, polyethylene glycol, fatty acids or 
fatty alcohols and their derivatives, hydroxyacids, pyrroli 
dones, urea, essential oils, and mixtures thereof. In addition to 
chemical enhancers, physical methods can increase percuta 
neous absorption. For example, occlusive bandages induce 
hydration of the skin. Other physical methods include ionto 
phoresis and sonophoresis, which use electrical ?elds and 
high-frequency ultrasound, respectively, to enhance absorp 
tion of drugs that are poorly absorbed due to their size and 
ionic characteristics. 
The many factors and methods relating to percutaneous 

drug delivery are reviewed in REMINGTON: THE SCIENCE AND 
PRACTICE OF PHARMACY, Alfonso R. Gennaro (Lippincott Will 
iams & Wilkins, 2000), at pages 836-58, and in PERCUTANEOUS 
ABSORPTION: DRUGS COSMETICS MECHANISMS METHODOLOGY, 
Bronaugh and Maibach (Marcel Dekker, 1999). As these 
publications evidence, those in the pharmaceutical ?eld can 
manipulate the various factors and methods to achieve el? 
cacious percutaneous delivery. 

4-Hydroxy tamoxifen is a large and very lipophilic mol 
ecule; hence, without assistance from penetration enhancers 
it poorly penetrates the skin. Accordingly, formulations of 
4-hydroxy tamoxifen used in the present invention preferably 
comprise one or more penetration enhancers. Alcohols are 
preferred enhancers because 4-hydroxy tamoxifen is soluble 
in alcohol. Isopropyl myristate also is a preferred enhancer. 

For percutaneous administration, 4-hydroxy tamoxifen 
may be delivered in an ointment, cream, gel, emulsion (lo 
tion), powder, oil or similar formulation. To this end, the 
formulation may comprise customary excipient additives, 
including vegetable oils such as almond oil, olive oil, peach 
kernel oil, groundnut oil, castor oil and the like, animal oils, 
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DMSO, fat and fat-like substances, lanolin lipoids, phos 
phatides, hydrocarbons such as paraf?ns, petroleum jelly, 
waxes, detergent emulsifying agents, lecithin, alcohols, caro 
tin, polyols or polyglycols such as glycerol (or glycerine), 
glycerol ethers, glycols, glycol ethers, polyethylene glycol, 
polypropylene glycol, non-volatile fatty alcohols, acids, 
esters, volatile alcoholic compounds, urea, talc, cellulose 
derivatives, coloring agents, antioxidants and preservatives. 

According to the present invention, 4-hydroxy tamoxifen 
also may be delivered via a transdermal patch. In one embodi 
ment, the patch comprises a reservoir for the 4-hydroxy 
tamoxifen formula. The patch may comprise (a) a solution 
imperrneable backing foil, (b) a layer-like element having a 
cavity, (c) a microporous or semi-permeable membrane, (d) a 
self-adhesive layer, and (e) optionally, a removable backing 
?lm. The layer-like element having a cavity may be formed by 
the backing foil and the membrane. Alternatively, the patch 
may comprise (a) a solution-impermeable backing foil, (b) an 
open-pored foam, a closed-pore foam, a tissue-like layer or a 
?brous web -like layer as reservoir, (c) if the layer according to 
(b) is not self-adhesive, a self-adhesive layer, and (d) option 
ally a removable backing ?lm. 

In preferred embodiments of the invention, 4-hydroxy 
tamoxifen is formulated in a hydroalcoholic gel. The amount 
of 4-hydroxy tamoxifen in such a gel may range from about 
0.001 to about 1.0 gram of 4-hydroxy tamoxifen per 100 
grams of gel. Preferably, it ranges from about 0.01 to about 
0.1 gram of 4-hydroxy tamoxifen per 100 grams of gel. 

It is also preferred that 4-hydroxy tamoxifen formulations 
comprise one or more fatty acid esters as a penetration 
enhancer. One highly preferred example of a fatty acid ester 
penetration enhancer is isopropyl myristate. When isopropyl 
myristate is used in a gel, the amount may range from about 
0.1 to about 5.0 grams per 100 grams of gel. Preferably, the 
amount of isopropy myristate ranges from about 0.5 to about 
2.0 grams per 100 grams of gel. 

4-Hydroxy tamoxifen formulations of the invention gener 
ally will comprise one or more nonaqueous vehicles. These 
vehicles should be capable of dissolving both 4-hydroxy 
tamoxifen and any penetration enhancer used. They also 
should have a low boiling point, preferably less than 100° C. 
at atmospheric pressure, to permit rapid evaporation upon 
contact with the skin. Examples of suitable non-aqueous 
vehicles include ethanol, isopropanol and ethyl acetate. Etha 
nol and isopropanol are preferred. Inparticular, ethanol effec 
tively contributes to the percutaneous absorption of 4-hy 
droxy tamoxifen by rapidly evaporating upon contact with 
skin. The amount of nonaqueous vehicle in a gel formulation 
generally ranges between 54% and 85% by weight, and pref 
erably between 65% and 75. 

Formulations also may comprise an aqueous vehicle, 
which permits solubilization of any hydrophilic molecules in 
a formulation, and also promotes diffusion of lipophilic mol 
ecules from the formulation to the skin. An aqueous vehicle 
also can regulate pH. Aqueous vehicles include alkalinizing 
and basic buffer solutions, including phosphate buffered solu 
tions (e.g., dibasic or monobasic sodium phosphate), citrate 
buffered solutions (e.g., sodium citrate or potassium citrate) 
and simply puri?ed water. The amount of an aqueous vehicle 
preferably ranges between 15% and 45% by weight of a gel 
formulation, and more preferably between 25% and 35%. 

Additionally, 4-hydroxy tamoxifen formulations may 
comprise one or more gelling agents to increase the viscosity 
of a formulation and/or to function as a solubilizing agent. 
Depending on the gelling agent’s nature, it may constitute 
between 0.1% and 20% by weight of a formulation, prefer 
ably between 0.5% and 10%, and still more preferably 
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8 
between 1% and 5%. Preferred gelling agents include car 
bomers, cellulose derivatives, poloxamers and poloxamines. 
Mor particularly, preferred gelling agents are chitosan, dext 
ran, pectins, natural gum and cellulose derivatives such as 
ethyl cellulose, hydroxypropyl cellulose, hydroxyethyl cel 
lulose, hydroxypropyl methyl cellulose (HPMC), carboxym 
ethyl cellulose (CMC), and the like. One highly preferred 
gelling agent is hydroxypropyl cellulose. 
When a formulation comprises a gelling agent, in particu 

lar a non-preneutralized acrylic polymer, it may advanta 
geously also comprise a neutralizing agent. The neutralizing 
agent/ gelling agent ratio preferably is between 10:1 and 0.1: 
1, more preferably between 7:1 and 0.5:1, and still more 
preferably between 4:1 and 1:1. A neutralizing agent should 
form, in the presence of the polymer, salts that are soluble in 
the vehicle. A neutralizing agent also should permit optimum 
swelling of polymer chains during neutralization of charges 
and formation of polymer salts. Useful neutralizing agents 
include sodium hydroxide, ammonium hydroxide, potassium 
hydroxide, arginine, aminomethylpropanol and 
tromethamine. Those skilled in the art will select a neutraliz 
ing agent according to the type of gelling agent employed in 
a formulation. When cellulose derivatives are used as gelling 
agents, however, no neutralizing agents are required. 

Table 1 describes the composition of two highly preferred 
4-hydroxy tamoxifen gel formulations. 

TABLE 1 

Composition of 4—Hydroxy Tamoxifen Gel Formulations 

Quantig per 100 g of gel 

20 mg 57 mg 
Ingredient 4—OHT Gel 4—OHT Gel 

4-Hydroxy Tamoxifen 0.02 g 0.057 g 
95% Ethyl Alcohol, EP 72 g 72 g 
Isopropyl myristate, EP 1 g 1 g 
Hydroxypropylcellulose, EP 1.5 g 1.5 g 
Phosphate Buffer (pH 7, diluted 1:4) q.s. 100 g q s 100 g 

Reference to the following, illustrative examples will help 
to provide a more complete understanding of the invention. 

EXAMPLE 1 

Demonstration of Percutaneous 4-Hydroxy 
Tamoxifen Delivery 

Four patients with breast cancer received [3 H] -4-hydroxy 
tamoxifen in an alcoholic solution applied directly to the 
breasts at speci?ed intervals between 12 hours to 7 days prior 
to surgery to excise diseased tissue. After surgery, both the 
excised tissue and the normal breast tissue surrounding the 
tumor contained radioactivity (Kuttenn et al., 1985). 

In a follow-up study, 9 of 12 patients scheduled for surgical 
excision of hormone-dependent breast cancer received 
Z-[3H]-4-hydroxy tamoxifen (80 uCi) in a 60% alcoholic 
solution, and 3 patients received Z-[3H]-tamoxifen (80 uCi) 
for comparison. The patients received [3H]-labeled drug 
applied directly on the affected breasts at speci?ed intervals 
ranging from 12 hours to 7 days before surgery to excise 
diseased tissue. Breast tissue from three regions: the tumor, 
tissue immediately surrounding the tumor, and normal tissue, 
was excised and immediately frozen in liquid nitrogen. Addi 
tionally, plasma and urine samples were obtained at sched 
uled intervals and frozen until analysis. 
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Table 2 shows results from the analyses performed. 4-Hy 
droxy tamoxifen concentrated predominantly in the cyto solic 
and nuclear fractions of breast tissue, where estrogen recep 
tors are present. In these intracellular sites, 4-hydroxy tamox 
ifen remained unmetabolized except for limited isomeriza 
tion from the Z to the E form. Retention in the breast lasted 
approximately 4 days in the 4-hydroxy tamoxifen group, but 
was shorter and far weaker in the tamoxifen group. 

10 
Thirty-one patients scheduled for breast cancer surgery 

were randomly assigned to 1 of 5 groups. They received 
treatment with either oral tamoxifen or percutaneous 4-hy 
droxy tamoxifen as outlined in Table 3. Treatment was daily 
and lasted for 3-4 weeks prior to surgery. The study evaluated 
three different doses of 4-hydroxy tamoxifen (0.5, 1, or 2 
mg/day) and two areas of application (either to both breasts or 
to a large surface of skin including arms, forearms, and shoul 
ders). One group of patients received 20 mg/day (10 mg b.i.d.) TABLE 2 10 I 

of oral tamox1fen (Nolvaldex®). 
[3H]—4—Hydroxy Tamoxifen and Metabolites Identi?ed in Breast 

Tumor Tissue Following Percutaneous Administration of 
Z—[3Hl—4—Hvdroxv Tamoxifen to the Affected Breast TABLE 3 

% Metabolites in Breast Tissue 15 Treatm?nt Groups 

Metabolites 12 hr1 24 hr 36 hr Day 4 Day 7 
Dose 

4—Hydroxy Tamoxifen 97 94 78 70 65 
N—Desmethyl—4—Hydroxy 2 4 14 20 16 
Tamoxifen 20 Total Daily 

?iig’gsiilthyltmoxifm 1 2 <i :1; 32 Application mg/breast/ Dose 
Tamoxifen <1 2 Group N Drug Site day (mg/day) 

1Time after administration of Z—[3H]—4—hydroxy tamoxifen 1 6 PO tamoxifen i i 20a 

The percentage of radioactivity identi?ed as [3H]-4-hy- 25 2 6 4'OHT gel bOth brews 0'25 0'5 
droxy tamoxifen in breast tissue after percutaneous adminis- 3 5 4'OHT gel both breasts 0-50 1 
tration decreased slowly over seven days (from 97% to 65%). 4 5 4-OHT gel arms, forearms, * 1 
During this period a progressive isomerization of the Z iso- and shoulders 
mer into the E isomer occurred, with similar percentages 30 5 6 4011ng arms,for6arms, i 2b 

0 0 observed at day (32 A) and 33 A). and Shoulders 
The radioactiVity in blood due to [3H]-4-hydroxy tamox 

ifen increased gradually, with a plateau from days 4 to 6. This alo b I d 
contrasts with [3H]-tamoxifen, which rapidly appeared in the b I Ing Il' ' I I I I I I 
blood, plateauing at 2 daySI At 36 hours following percuteb diVided into 2 daily applications; 1 mg in the morning and 1 mg in the 

neous [3H]-4-hydroxy tamoxifen administration, only 0.5% 35 6,6ng 
of the radioactiVity administered showed in the blood. I The 4_hydroxy tamoxifen gel (20 mg of4_hydroxy tame)“ 

In comrasl to the neat absence Of 4-hydr0Xy tamOXIfen ifen/ 100 g of hydroalcholic gel; Besins-International Labo 
metabolism in the breast tissue, marked metabolism occurred ratories) was packaged in a pressurized dose_metering pump 
in blood. In blood, at 24 hours after administration, 68% of . . 

. . . . 0 40 that delivered 1.25 g of gel/metered dose (1.e., 0.25 mg of 
radioact1V1ty represented 4-hydroxy tamox1fen, 18A) repre- 4 h d t .f n/d 
sented N-desmethyl-4-hydroxy tamoxifen, and 11% repre- _ y foxy amen e ose)' 
sented bisphen01_ During surgery two samples (1 cm3 each) of breast tissue 

Peak urinary elimination occurred at alater time following were excised, one tumeral and the ether macroscopically 
percutaneous administration of 4-hydrexy tamoxifen eem- 45 normal. They were immediately frozen in liquid nitrogen 
pared to percutaneous tamoxifen. Following application of until assayed. Blood samples were obtained on the day of and 
4-hydroxy tamoxifen, a progressive increase of metabolites, the day prior to surgery A11 tissue and plasma samples were 
mOSIly N'desmethyl'e'hydrcxy tameXIfcn and blsphcnch analyzed for 4-hydroxy tamoxifen concentration by gas chro 
Was OIbserVed 1n the unne' I I matograph/mass spectrometry (GC-MS). 

Thls example demonsnates that percutaneQHS aPPhCaUPH 50 Pre and post-treatment blood samples were assayed for 
of 4-hydroxy tamox1fen to the breasts results in a substantial 1 t M d t CBC b.1. b. 1 t . 
and lasting local tissue concentration of the drug, with mini- comp _e e 00 _Coun S ( )’ 1 1m 111’ 5&3er g u arm? 
mal metabolism, stable and very low plasma concentrations, pyruVIC Itransammase (SGPT)I’ Serum glutamm'OXaIOZI‘CIenc 
and 510W elimination Via the wing transaminase (SGOT), alkaline phosphatase, creatinine, 

55 estradiol, follicle-stimulating hormone (FSH), luteinizing 
EXAMPLE 2 hormone (LH), sex hormone-binding globulin (SHBG), cho 

lesterol, high-density lipoprotein (HDL), low-density lipo 
Demensmltien 0f the Pharmacekinetics and protein (LDL), triglycerides, ?brinogen, and anti-thrombin 

Pharmacodynamics of Percutaneously Administered HL 
4-OH-T 'f C dt 20 f0 1 . . 

amom enTailnggeiltrqgn 0 mg O m 60 Table 4 below summarizes the concentration of 4-hydroxy 

tamoxifen found in breast tissue and plasma. Normal and 

This study compared the tissue and plasma concentrations tumorbreast tissues contained similar concentrations of4-hy 
of 4-hydroxy tamoxifen after percutaneous administration droxy _tamOX1fen In all ?ve_ treatment grollps' 4'hyd_roxy 
via a hydroalcoholic gel with tissue and plasma concentra- 65 12‘chlch concentrated at hlgher amounts 1n breaSI tlssue 
tions of 4-hydroxy tamoxifen after oral administration of 
tamoxifen (Pujol, 1995). 

when the gel was applied directly to the breasts, rather than to 
other large skin surfaces. 
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TABLE 4 

Concentrations of 4—hyd.roxy tamoxifen 

Mean 1 SD 4—hyd.roxy tamoxifen (Range) 

Plasma Concentrations (pg/mL) 

Group N Day Pre—Surgery Day of Surgery Nonnal Tissue (pg/g) Tumor (pgg) 

1 6 23261585 231711098 10215 12151 12453 13751 

(1371-2959)(1 (881-4176) (5873-11511) (9568-18904)(1 
2 6 0 17 1 27 353 1 513 1447 1 2673 

(0-0)a (OC-61) (0d-1317) (of-6889) 
3 5 1641131 62171 111211125 187712472 

(29-279)” (28-190) (197-2979) (345-6211) 
4 5 94 1 76 13 1 29 140 1130 552 1 357 

(35-201)b (OE-65) (02-270) (271-1150) 
5 6 781138 731114 99212195 2241312 

(02-284)b (06-244) (04-5462) (04-799) 

“n = 5 

bn = 4 

CFour patients had undetectable levels of 4—hydroxy tamoxifen (LOQ = 20 pgml). 

“Three patients had undetectable levels of 4—hyd.roxy tamoxifen. 
22 patients had undetectable levels of 4—hydroxy tamoxifen 
f1 patient had undetectable levels of 4—hydroxy tamoxifen 

Slde effects d1d not pose a 51gn1?cant problem. Cutaneous TABLE 5 
treatment did not cause any local irritation. One woman in 

Group 2 (0.5 mg/day of 4-hydroxy tamoxifen gel) reported 
dizzy spells, cystitis, and mild vaginitis occurring on the 
seventh day of treatment. One woman in Group 1 (oral tamox 
ifen) reported hot ?ashes and mild vaginitis on the ?fth day of 
treatment. 

No differences existed between the pre- and post treatment 
blood samples for any of the hematology or serum chemistry 
evaluations in the patients who received 4-hydroxy tamoxifen 
gel. However, a statistically signi?cant decrease in anti 
thrombin III and ?brinogen and a statistically signi?cant 
increase in platelet and lymphocyte counts were observed in 
the oral tamoxifen group, consistent with the biologic effects 
of this drug observed in other studies. 

EXAMPLE 3 

Demonstration of Tolerance and Pharmacokinetics of 
Percutaneously Administered 4-OH-Tamoxifen in 

Healthy Women 

This study demonstrates the tolerance and pharmacokinet 
ics of topically applied 4-hydroxy tamoxifen gel in healthy 
premenopausal women, aged 18-45. Each participant applied 
the gel daily for the duration of two menstrual cycles. 

Three doses and two gel concentrations were tested, as 
summarized in Table 5. For Groups A-C, the gel, containing 
20 mg of 4-hydroxy tamoxifen/ 100 g, was dispensed from a 
pressurized dose-metering pump that delivered 0.25 mg of 
4-hydroxy tamoxifen/dose. The study of Group C was sus 
pended because the quantity of gel was too large to be applied 
to a single breast. Groups D and E received a more concen 
trated gel that contained almost 3 times as much 4-hydroxy 
tamoxifen: 57 mg of 4-hydroxy tamoxifen/1 00 g, or 50 mg of 
4-hydroxy tamoxifen/100 mL of gel. This more concentrated 
gel also was delivered by a dose-metering pump that supplied 
0.25 mg of 4-hydroxy tamoxifen/dose. 

30 

35 

40 

45 

50 

55 

Treatment Groups 

Dose Gel Concentration 
Group N (mg/day) (mg of 4—OHT/g of gel) Treatment 

A 12 0.5 20 m9100 g 1 metered dose/ 
breast/day 

B 8 1 20 m9100 g 2 metered doses/ 
breast/day 

C 2 2 20 m9100 g study was 
interrupted 

D 12 1 57 m9100 g 2 metered doses/ 
breast/day 

E 12 2 57 m9100 g 4 metered doses/ 
breast/day 

At the end of a menstrual cycle, each patient received a 
single dose, after which serial blood samples were collected 
at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 12, 18, 24, 36, 48, and 72 hours. 
On the ?rst day of the following menstruation, treatment, 

which consisted of daily application of the gel over two 
menstrual cycles, began. Blood samples were collected 24 
hours following the morning application of gel on days 7, 20 
and 25 of the ?rst and second cycles. On the last day of 
administration, day 25 of the second menstrual cycle, serial 
blood samples were collected prior to application and at 0.5, 
1, 1.5, 2, 3, 4, 6, 12, 18, 24, 36, 48, and 72 hours after 
application of the gel. The samples were analyzed for 4-hy 
droxy tamoxifen, estradiol, progesterone, FSH and LH. 

Plasma concentrations of 4-hydroxy tamoxifen remained 
detectable 72 hours after the last gel application. Therefore, to 
ensure that data points were obtained until 4-hydroxy tamox 
ifen became undetectable in the blood, additional blood 
samples were collected from some participants at intervals up 
to 92 days following the last application of gel. 

Table 6 displays the mean1standard deviation (SD) plasma 
concentrations of 4-hydroxy tamoxifen, with ranges in paren 
theses. A single 0.5 mg dose did not produce detectable 
plasma concentrations of 4-hydroxy tamoxifen, but 6 of 12 
patients had detectable plasma concentrations (>5 pg/mL) 
after a single dose of 1 mg. 
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FIG. 2 shows a plasma concentration-time curve, follow 
ing the last administration on day 25 of the second menstrual 
cycle. Table 7 shows mean pharrnacokinetic parameters that 
relate to the last administration, on day 25 of the second 
menstrual cycle. 

TABLE 7 

Mean Pharmacokinetic Parameters of 4—hydroxy tamoxifen in 
Healthy Women Following the Last Admini tration 

Mean 1 SD (Range is indicated in parenthe i ) 

0.5 mgday 1 mgday 1 mgday 2 mg/day 
Parameter (n = 12)“ (n = 8)“ (n = 12)l7 (n = 12)l7 

Cmax 17.0 r 8.5 21.0 r 14.0 35.1 r 22.4 51.6 r 31.7 

(pg/mL) (7.6-34.4) (<LOQ-40.1) (9.9-78.1) (22.1-132.5) 
tmax (hr) 40 z 81 24 z 18 12.8 r 14.9 11.8 r 12.3 

(0.5-288) (0.5-48) (1-36) (0.5-36) 
t1/2 (hr) i i (58-118) (49-101) 
AUC0724 256.3 1 205.3 300.9 1 190.8 619 z 466 998 z 653 

(pg - hr/ (24.6-651.1) (0-693.6) (187-1522) (424-2778) 
mL) 
CW= 10.7 r 8.5 12.5 r 7.9 25.8 r 19.4 41.6 r 27.2 

AUC0724/ (1.0-27.1) (0-28.9) (7.8-63.4) (17.7-115.8) 
24 
(pg/mL) 
T (1stC < i 274 z 141 236 z 72 326 z 97 

LOQ) (hr) (144-480) (144-384) (192-480) 

“Gel concentration was 20 mg of 4—hydroxy tamoxifen per 100 g of gel. 
bGel concentration was 57 mg of 4—hydroxy tamoxifen per 100 g of gel. 

AUCO_24:area under the concentration-time curve for 0-24 
hours; CGVICalculation of area under the curve over 24 hours 
(AUCO_24) divided by 24 hours; CmaXImaximal concentration 
in plasma; t l )2Ihalf-life; T(1stC<LOQ):?rst timepoint at 
which the plasma concentration was below the limit of quan 
ti?cation; tmax?ime of maximal concentration in plasma. 

The data are consistent with a dose response across the 
three doses tested (0.5, 1, and 2 mg). The more concentrated 
gel was better absorbed, by approximately double, than the 
less concentrated gel, based on AUC and CW. 

Biological tolerance was excellent in all 36 patients. The 
treatment did not affect FSH, LH, estradiol, or progesterone 
hormone levels during the menstrual cycles. Moreover, echo 
graphic examination of the ovaries at the end of treatment was 
normal in all patients, showing normal sized developing fol 
licles. One patient developed an allergic reaction to the gel, 
and 10 reported facial acne (5 of which had a past history of 
acne). 

In summary, this study indicates that the exposure to 4-hy 
droxy tamoxifen after topical application increases with dose, 
that plasma concentrations of 4-hydroxy tamoxifen are lower 
than typical estradiol concentrations (80 pg/mL), and that 
there is no detectable laboratory or clinical evidence of sys 
temic effects. 

EXAMPLE 4 

Demonstration that Percutaneously Administered 
4-Hydroxy Tamoxifen Causes Dose-Related 

Reductions in Tumor Tissue Proliferation Indexes 

This study demonstrates that percutaneously administered 
4-hydroxy tamoxifen causes do se-related reductions in breast 
tumor tissue proliferation indexes. It is the ?rst direct com 
parison of 4-hydroxy tamoxifen gel with tamoxifen and 
untreated controls on biological end points of breast cancer in 
humans. The results show that percutaneous administration 
of 4-hydroxy tamoxifen gel for 2-3 weeks produces dose 
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16 
dependent reductions in tumor tissue proliferation indexes 
(Ki-67 and PCNA) in postmenopausal women scheduled to 
undergo surgery for breast cancer, with approximate equiva 
lence between the 2.0 mg/day 4-hydroxy tamoxifen dose and 
20 mg/ day oral tamoxifen. Estrogen and progesterone recep 
tor levels did not show dose-related reductions with 4-hy 
droxy tamoxifen treatment. Plasma levels of 4-hydroxy 
tamoxifen were consistently higher in the oral tamoxifen 
group than in the 4-hydroxy tamoxifen gel groups, and tumor 
tissue concentrations of 4-hydroxy tamoxifen increased with 
increasing dose of 4-hydroxy tamoxifen gel. 
The present study also provides information on the bio 

logic processes underlying the effects of tamoxifen. The 
group receiving 2 mg percutaneous 4-hydroxy tamoxifen 
showed the same cytostatic effect on breast cancer cell pro 
liferation as the oral tamoxifen group in spite of markedly 
lowerplasma 4-hydroxy tamoxifen concentrations. This ?nd 
ing shows that a major effect of tamoxifen is locally mediated 
by estrogen receptors in tumor tissue. 

Study Design 
A randomized, open, parallel groups phase llb study was 

designed to compare the effects of three dose levels of 4-hy 
droxy tamoxifen, oral tamoxifen and no treatment on markers 
of tumor proliferation (Ki-67 and PCNA). Ki-67 antigen was 
detected by MlBl antibody and PCNA (Proliferative Cell 
Nuclear Antigen) was detected with PC-10 monoclonal anti 
body. 

Patients 

Participants in the study were postmenopausal women 
diagnosed with estrogen receptor positive invasive breast 
cancer, as determined by Trucut biopsy. Criteria for enroll 
ment included age >50 years, histologically con?rmed T1 or 
T2 estrogen receptor positive primary breast cancer, and ?t 
for surgery within 1 month of the biopsy. Patients with 
in?ammatory cancer, known metastasis or lymph node 
involvement were excluded as were patients with previous 
radiotherapy or chemotherapy and ongoing hormone replace 
ment therapy (a minimum washout period of 8 days was 
observed before the Tru-cut biopsy). Other exclusion criteria 
were a history of thrombophlebitis requiring anticoagulant 
treatment, retinopathy, cutaneous allergy to alcohol or mam 
mary dermatitis contraindicating the application of a gel. 

Patients were randomized to one of ?ve treatment groups: 

0.5 mg/d 4-OHT (0.5 ml gel [0.25 mg 4-OHT] applied to each 
breast daily); 1.0 mg/d 4-OHT (1 ml gel [0.5 mg 4-OHT] 
applied to each breast daily); 2.0 mg/d 4-OHT (2 ml gel [1.0 
mg 4-OHT] applied to each breast daily); oral tamoxifen (20 
mg/d as a single dose) or no treatment (untreated control). 
Patients were scheduled for tumor resection surgery with 
curative intent between day 15 and day 22 after the start of 
treatment. On the day prior to surgery, a blood sample was 
also obtained for determination of 4-OHT concentrations. On 
the day of surgery, patients were reassessed for concomitant 
therapy, concomitant conditions, hematology, biochemistry, 
plasma 4-0HT, estrone (E1), and estradiol (E2) concentra 
tions. 

Tumor Sampling 
A Tru-cut/ core biopsy taken at the ?rst clinic attendance for 

diagnostic purposes was used as the pre-randomization tumor 
sample. A post-treatment specimen was obtained at de?nitive 
surgical resection. All of the tissue samples were ?xed in 
3.7% formalin immediately after removal, then embedded in 
paraf?n wax for sectioning and subsequent analysis of bio 
logical markers. Tumor extracts (before and after treatment) 
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were also stored in liquid nitrogen for subsequent assay of 
estrogen and progesterone receptors, as well as levels of 
4-OHT. 

Analysis of Tumor Marker Expression 
Proliferation-associated Antigen Expression. Ki67 and 

Proliferating Cell Nuclear Antigen (PCNA) labeling indices 
(Ll) were assessed on paraf?n embedded sections of the pre 
and post-treatment tissue specimens. The Ki67 antigen was 
assessed using the monoclonal antibody MIB 1 (DAKO, Den 
mark) as used in routine conditions in pathology. Anti-PCNA 
(DAKO) completed the panel of antibodies used to analyze 
proliferation in ?xed tissues. Detection was made without 
heat denaturation. Six serial sections were analyzed per case 
in order to standardize sampling. Analysis was performed 
with a computer assisted system. (Systeme micropho 
tométrique abalayage automatique; Samba-Alcatel, 
Grenoble, France). For each preparation, optical density 
(OD) thresholds were determined using real microscopic 
images of the analyzed ?eld as reference. Measurements of 
immunostaining were performed at x25. Twenty ?elds were 
analyzed for each section. Stained nuclear surface was deter 
mined (segmentation and thresholding) and a Ll scored 
(stained cells/counterstained elements). OD immunostaining 
was expressed in arbitrary units. Control of immunostaining 
quantitative analysis and reproducibility of the procedure 
were performedziby comparison to iterative measurements 
done on the same preparations,iby comparison to measure 

ments compiled on six sequential sections of the same speci 
men. Evaluation of tissue variations in immuno staining quan 
titative analysis was performed by comparing the OD 
immunostaining measurements of 20 ?elds taken from non 
consecutive sections from each specimen. The intensity of 
PCNA immunoreactivity displayed by actively proliferating 
cells in lymph nodes (centroblasts) served as a reference for 
thresholds positive staining in breast tissues. Results were 
expressed as Ll. 

Estrogen and Progesterone Receptor Expression. Estrogen 
(ER) and progesterone (PgR) receptor concentrations were 
assayed in tumor tissue before and after treatment with either 
ligand binding assay (LBA) using the Dextran-Coated Char 
coal method (Korenman, 1974) and/or by immunohis 
tochemical (ICH) method on paraf?n-embedded sections. 
The cut-off for ER positivity was more than 10 fmol/mg 
measured using radioimmunoassay or more than 10% of 
tumoral cells labeled by an immunoenzymatic assay (Bevitt, 
1997). 
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4-OHT Assay. Concentrations of 4-OHT in plasma, tumor 

tissue, and normal tissue were performed using Gas Chroma 
tography (GC) combined with Mass Spectrometry (MS) used 
in the Negative Ion Chemical Ionization-mode (NICI) (Gi 
rault, 1993). The quanti?cation limits of the method were 5 
pg/ml for the plasma and 50 pg/g for tissue samples respec 
tively. Tumor extracts and normal breast tissue obtained at the 
time of surgery (after treatment) were stored in liquid nitro 
gen until subsequent assay of 4-OHT. 

Statistical Analysis 
Based on the planned sample size of 14 patients in the 

control group and 42 patients (3 groups) assigned to 4-OHT 
gel, this study had goodpower (90%) to detect a hypothesized 
50% greater relative decrease in Ki-67 labeling index in the 
4-OHT group than in the no treatment group using a two 

sided test with 5% type I error. The primary e?icacy endpoint 
was change in tumor proliferation marker expression. Other 
study variables were considered secondary endpoints. This 
“per protocol” analysis included only those who received at 
least 13 days of treatment, completed the end of treatment 
assessment for the primary endpoint, and had no signi?cant 
protocol deviations or violations. 

Treatment group comparisons were made using analysis of 
variance (ANOVA). The Kruskal-Wallis test was used in 
cases where the distribution of the data was non-symmetric/ 
non-normal. Categorical variables were analyzed using Fish 
er’s exact test. Hypothesis testing was conducted at the 
(X:0.05 signi?cance level adjusted for multiple comparisons. 
lnferences fell into the following categories for the variables 
measuredzitesting for differences among the ?ve treatment 
groups;iexamining differences among the three dose levels 
of 4-OHT;4examining differences between each dose level 
of 4-OHT and oral tamoxifen. 

Results 
Patient Characteristics. A total of 55 patients were enrolled 

in the trial. Six patients were excluded from the analysis: one 
(in the 4-OHT 1.0 mg/d group) withdrew her consent, one 
(0.5 mg/d) was lost to follow-up, one (2.0 mg/d) was estrogen 
receptor negative at the start of the study, one (0.5 mg/d) 
received hormone replacement therapy, and two (0.5 and 1.0 
mg/d) discontinued their treatment after only 6 and 12 days. 
Therefore, a total of 49 patients were evaluable for ef?cacy. 
Groups were well balanced with respect to tumor size, dura 
tion of amenorrhea, and tumor grade at surgery. Patients in the 
untreated control group were older than those in the active 

treatment groups (Table 7). 

TABLE 7 

Geographic parameters of the studied population 

Median(min:max) 
4-OHT 4-OHT 

Oral Tarn 4—OHT gel gel gel 
variable Control (20 mgd) (0.5 mgd) (1 mgd) (2 mg/d) Total P 

11 (patients) 11 11 8 9 10 49 

Age (years) 72 62 65 64 61.5 65 0.07 

58:88 57:83 54:78 50:70 52:79 50:88 

BMI (kg/m2) 24.6 25 24.7 25.9 23.6 24.7 0.88 

19.5:33.9 19.7:35.5 20.6:40.4 19.6:30.8 21.5:35.5 19.5:40.4 
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TABLE 7-continued 

20 

Geographic parameters of the studied population 

Median(min:rnax) 
4-OHT 4-OHT 

Oral Tarn 4—OHT gel gel gel 
variable Control (20 mgd) (0.5 mg/d) (1 mgd) (2 mg/d) Total P 

Turnor 

Left 6 3 5 1 8 23 0.018 
Right 5 8 3 8 2 26 
Amenorrhea 21 10 14.7 9 12.5 13.3 0.40 
(years) 5:31.7 5:34 2:23.3 1:33 2:31.2 1:34 
Tumor size 1.5 1.5 2.0 2.0 1.75 2.0 0.90 
(cm) 1.0:2.5 1.0:10.0 10:25 10:30 10:40 1.0:10.0 
Grading 

I 4 3 1 3 4 
II 4 7 6 4 5 
III 3 1 1 2 0 i i 

pN+ 5 (45%) 4 (36%) 3 (38%) 3 (33%) 5 (50%) i i 
specimen 

Proliferation-associated Antigen Expression. After adjust 
ing for baseline levels, tumor tissue Ki-67 Lls after treatment 
differed signi?cantly among the ?ve groups (Table 8). 
Treated patients (4-OHT [all doses] and oral tamoxifen) had 
signi?cantly lower mean Ki-67 LI scores compared to the 
untreated group (P:0.0054). Mean Ki-67 LI score after treat 
ment was dose-dependent for the 4-OHT treatment groups. 
Moreover, a dose response relationship with approximate 
equivalence between the 4-OHT 2.0 mg/d group and the oral 
tamoxifen group is demonstrated in Table 9A which shows 
the percentage of patients who had decreases in Ki-67 LI of 
Z 1, 22, or 23 arbitrary units (%). There were no signi?cant 
differences in Ki-67 labeling between tamoxifen and any 
dose of 4-OH. The tumor tissue response to the various treat 
ments measured by PCNA LI paralleled that that assessed by 

30 

35 

the Ki-67 LI (Table 8, 9B). After treatment, tumor tissue 
25 PCNA LI for the four treated groups differed signi?cantly, 

from the untreated control (P:0.002) . As was seen with Ki-67 

LIs, the percentage of patients who had decreases in PCNA 
index of 21, 22, or 23 units (%) demonstrated a strong 
treatment effect of 4-OHT especially for the 4-OHT 1 and 2 
mg/d groups, relative to untreated controls and showed 
approximate equivalence with oral tamoxifen (Table 9B). 
There were no signi?cant differences in PCNA labeling 
between tamoxifen and any dose of 4-OHT. Response de?ned 
as a tumor having a PCNA L1 or Ki-67 LI decrease of 3 
arbitrary units demonstrated a tendency to increase with 
4-OHT dosage. However, sample size was not sul?cient to 
demonstrate signi?cance for the relationship. 

TABLE 8 

Proliferative markers evolution according to the treatment 

Median (rnin:rnax) 
Oral Tarn 4—OHT gel 4—OHT gel 4—OHT gel 

Control (20 mg/d) (0.5 mg/d) (1 mg/d) (2 mgd) P* P** P*** 

K167 5 6.7 4.1 6.8 6.7 0.44 0.48 0.24 

Tru-cut (t) (24:90) (25:11.6) (0.99:12.8) (3.2:11.3) (3.5:10.3) 
K167 5.8 2.8 3.3 3.3 3.2 0.0054 0.42 0.98 

Turnor (T) (27:12.4) (1.2:3.7) (0.8:8.99) (0.9:6.7) (2.05 :4.8) 
A (t — T) 0.28 —3.8 —0.8 —4.5 —3.9 i i i 

(—2.5:8.4) (—10.2:1.0) (—4.1:1.9) (—5.9:1.1) (—7:—0.6) 
PCNA 11.4 7.8 7.2 11 6.9 0.12 0.11 0.04 

Tru-cut (t) (3.3:14.7) (1.8:15.1) (4.6:9.6) (52:16.2) (5.9:11.4) 
PCNA 11.9 3.0 4.6 6.3 4.5 0.002 0.19 0.19 

Turnor (T) (3.6:15.2) (1.4:7.6) (2.3:5.3) (40:82) (07:91) 
A (t — T) 0.54 —2.9 —2.2 —4.4 —4.2 i i i 

(—0.81:2.9) (—9.4:0.12) (—7.3:0.61) (—11:2.9) (—7.4:2.2) 

P*: Kruskal—Wallis test between the 5 groups 

P**: Kruskal—Wallis test between the 4 groups with oral Tarn 

P***: Kruskal—Wallis test between the 3 groups with 4 OHT gel 



US 7,704,516 B2 
21 

TABLE 9 

Percentage of Patients Exhibiting a Decrease 
in Ki67/MIB1 Index (A) or in PCNA index (B) 

according to the treatment 

22 
4-OHT Tissue and Plasma Concentrations (Table 10, FIG. 

3). 4-OHT median concentration was roughly 2-fold higher in 
the oral tamoxifen group (4237 pg/ g) compared to that in the 
2.0 mg/d 4-OHT group (1698 pg/g). Despite an increase of 
median tissue 4-OHT concentrations (pg/ g) according to the 
percutaneous dose delivered (687, 1377 and 1698 pg/g for 

4-OHT 4-OHT 0.5, 1 and 2 mg/d respectively), the difference between the 
Oral Tam 861(0-5 4-OHT gel gel (2 three groups was not statistically signi?cant (P:0.13). Non 

Control (20 Ing/d) Ing/d) (1 Ing/d) mg/d) tumoral tissue 4-OHT concentration was about half those in 
N=11 N=11 N: 8 N: 9 N=10 10 tumor tissue in all except the 0.5 mg/d group. For 4-OHT 

A median plasma concentration, there was a signi?cant differ 
— ence between the 4 treatments groups (P:0.0015) with a 

210 Unit Decrease 40% 90% 50% 39% 37% higher level for the oral tamoxifen group versus the 4-OHT 
22.0 Unit Decrease 20% 70% 25% 78% 62% gel groups (1495 pg/ml versus 31, 35 and 164 pg/ml respec 
230 Unit Decrease 0% 60% 25% 56% 62% tively). Furthermore, there is a signi?cant (P:0.035) increase 

of plasma 4 OHT with ascending 4-OHT percutaneous dose. 

TABLE 10 

4 OHT concentration in turnor normal breast tissue and plasma 

Median (min:max) 
Oral Tarn OHT gel OHT gel OHT gel 

Control (20 mg/d) (0.5 mgd) (1.0 mg/d) (2.0 mgd) 
4—OHT n=11 n=11 n=8 n=9 n=10 * ** *** 

Tumor 4237 687 1377 1698 2 0.0003 0.13 

pg/g 2388:7386 83:1978 556:2955 327:5123 
Breast 2038 528 278 762 2 0.0024 0.36 

pg/g 1058:4461 83:3126 73:777 141:2080 
Plasma 1495 31 35 164 2 0.0015 0.035 

pg/ml 32:1995 18:144 20:84 31:306 
Plasma E2 9.7 8.28 11 9 20 0.55 2 2 

pg/ml 

p*: Kruskal—Wallis test between the 5 groups 
p**: Kruskal—Wallis test between the 4 groups with oral Tarn 
p***: Kruskal—Wallis test between the 3 groups with 4—OHT gel 

TABLE 9-c0ntinued 

Percentage of Patients Exhibiting a Decrease 
in Ki67/MIB1 Index (A) or in PCNA index (B) 

according to the treatment 

4-OHT 4-OHT 
Oral Tarn gel (0.5 4—OHT gel gel (2 

Control (20 mg/d) mg/d) (1 mgd) mgd) 
N=11 N=11 N=8 N=9 N=10 

E 
0% 
0% 
0% 

73% 
73% 
45% 

75% 
50% 
37% 

87% 
87% 
75% 

78% 
78% 
67% 

21.0 Unit Decrease 
22.0 Unit Decrease 
23.0 Unit Decrease 

ER Expression. Using RIA, pretreatment ER concentra 
tions were statistically similar across the groups with the 
mean group values ranging from 5 to 56 fmol/mg. Individual 
values showed a wide range (9 up to 321 fmol/mg). Treatment 
ofER-positive tumors with tamoxifen or 4-OHT resulted in a 
signi?cant decrease (P:0.012) in ER concentration relative to 
the untreated control group. Using ICH, ER concentration (% 
of labeled cells) demonstrated the same median value at base 
line (70 to 85%) across groups and showed no statistically 
signi?cant increasing trend after treatment in all groups. 

PgR Expression. RIA measurements of PgR were wide 
spread at baseline and increased after treatment in all groups, 
with no statistical signi?cance or dose related-pattem. PgR 
results with ICH measurements did not indicate any consis 
tent effect of treatment or dose-related changes. 
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What is claimed is: 
1. A pharmaceutical composition for percutaneous admin 

istration comprising a pharmaceutically active agent that con 
sists of 4-hydroxy tamoxifen, as the whole active agent, 
wherein the pharmaceutical composition comprises: (a) 
about 0.001% to 1 .0% by weight of 4-hydroxy tamoxifen, (b) 
about 0.5% to 2% by weight of isopropyl myristate, (c) about 
65% to 75% by weight of alcohol, (d) about 20% to 35% by 
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weight of aqueous vehicle, and (e) about 1.0% to 5% by 
weight of gelling agent, wherein the percentage of compo 
nents are weight to weight of the composition. 

2. A composition according to claim 1, wherein the 4-hy 
droxy tamoxifen constitutes about 0.01%, 0.02%, 0.03%, 
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, or 0.10% by 
weight of the composition. 

3. A composition according to claim 1, wherein the isopro 
pyl myristate constitutes about 0.5%, 0.6%, 0.7%, 0.8%, 
0.9%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 
1.8%, 1.9% or 2.0% by weight ofthe composition. 

4. A composition according to claim 1, wherein the alcohol 
is ethanol or isopropanol, and constitutes about 65% to 75% 
by weight of the composition. 

26 
5. A composition according to claim 1, wherein the aque 

ous vehicle is a phosphate buffered solution, and constitutes 
about 25% to 35% by weight of the composition. 

6. A composition according to claim 1, wherein the gelling 
agent is a polyacrylic acid, hydroxypropylcellulose or other 
cellulose derivative, and constitutes about 1.0% to 5% by 
weight of the composition. 

7. A composition according to claim 1, which is packaged 
in a unit dose packet or in a multiple dose container with a 
metered pump. 
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